In order to study the initiation of transcription from the ovaibumin gene promoter, we constructed a hybrid gene (ovalgiobin) in which 753 bps of ovaibumin gene 5'-flanking sequence were Joined to the chicken adult B-globin gene.
and regulated by progesterone following transient transformation of primary chicken oviduct cells.
MATERIALS AHD METHODS

Emyaeg
The following were purchased from Bethesda Research Laboratories: T4 polynucleotide kinase; bacterial alkaline phosphatase; T4 DNA ligase; Bal 31 exonuclease; and the restriction endonucleases Alu I, Ava I, Bgl II, Cla I, Eco RI, Hae III, Hpa II, Pvu II, and Tag I. E. coll DNA ligase and restriction endonuclease Sau 96-1 were purchased from New England Biolabs. E. coll DNA polymerase (Klenow) was purchased from Boehringer-Mannheim. SI nuclease was purchased from P.L. Biochemicals, and AMV reverse transcriptase from Life Sciences Inc.
Cell Culture and DBA. Transfection
HeLa S3 cells were obtained from the American Type Culture Collection, and were cultured as monolayers in Dulbecco's minimal essential medium with high glucose (DMEM-HG) containing 50 U/ml penicillin, 50 ug/ml streptomycin and 10Z fetal calf serum. Primary oviduct cultures were prepared as described (36) , and were maintained in DMEM-HG containing 50 U/ml penicillin, 50 ug/ml streptomycin, 5 ug/ml of insulin and 5Z horse serum. T47D cells were obtained from K. Horwitz, and maintained as described (37) .
Cell lines were transfected one day after a 1:4 passage. Calcium phosphate-DNA coprecipitates (38) were prepared by mixing 20 pg of cloned DNA with 0.5 ml of a 2X Hepes buffer (containing, per liter: 10 g Hepes, 16 g NaCl, 0.74 g KC1, 0.22 g Na 2 HP0i t , and 2 g dextrose; pH to 7.05). While bubbling air through the DNA/Hepes mixture, 0.5 ml of 0.25 M CaCl2 was then added dropwise. The cocktail was thoroughly vortexed and then allowed to stand at room temperature for 30 min. The coprecipitate was added directly to the culture medium (1 ml/10 ml of culture medium) and left for 4-7 hr at 37°C. The medium was then removed and replaced with 25Z DMSO in DMEM-HG (without serum)
for 4 min at room temperature (39) . The DMSO solution was removed, the monolayer was washed once with medium (containing serum) and then fresh medium was added to the cells for a further 40 hr incubation at 37°C. Primary oviduct cells were transfected 4-5 days after plating in the same way, except that the DMSO shock was 5Z at 37°C for 15 min. Fresh medium with or without 10~7 M progesterone was then added for an additional 48 hr incubation at 37°C.
RHA Harvest
The procedure is essentially that of Sherrer (40) . Medium was removed from the monolayer and replaced with 10 ml of Ice-cold Hank's incomplete balanced salt solution. The cells were scraped from the monolayer with a rubber policeman, poured into a 50 ml polypropylene centrifuge tube and collected by centrifugation. The cell pellet was suspended in 10 ml of 50 mM Na acetate, pH 5, and then lysed by the addition of SDS to 12. Immediately, hot (60"C) phenol saturated in 50 mM Na acetate, pH 5, was added, and the aqueous phase was then extracted at 60°C for 5 min with frequent vortexing.
The tubes were chilled at 0°C for 20 mln and centrifuged for 20 min at 4,000 x g. The aqueous phase plus the Interface was then subjected to a second hot phenol extraction exactly as described above. The second aqueous phase was nade 0.25 M in NaCl, and the RNA was collected by ethanol precipitation.
Where indicated, poly(A) + RNA was isolated from the total RNA by affinity chromatography on oligo(dT) cellulose, as described by Aviv and Leder (41) . by nick translation (44, 45) . Colonies that hybridized with both probes were further characterized by isolation of their plasmid DNAs and restriction endonuclease analysis to verify the presence of an ovalglobin insert with the expected structure. The ovalglobin insert was then purified by Eco RI digest followed by preparative acrylamide gel electrophoresis, and cloned into Eco RI linearized pSV-RI. Clones with the plasmid pSV.OG of the desired orientation ( Fig. lb) were identified by Pst I digests of small cleared lysates prepared as described by Birnboim and Doly (46) .
Construction of the 0valglobln-SV40 Beco«blnant
Preparation of 5' End-Labelled DNA Probes
The DNA probe for mapping the 5' end of the ovalglobin transcript was pre- (Fig. 2a) .
Sl-Bucleaae Mapping
Ten to 50 ng (10 5 -10 6 dpm) of 5' end-labelled fragment were mixed with RNA in 100 pi hybridizations containing 70Z fonnamide (Fluka), 0.3 M NaCl, 10 mM
Tris-HCl, pH 7.4 and 1 mM EDTA. After heating to 80°C for 10 min, hybrids were allowed to form for 12-16 hrs at 52°C (for the 215 bp Sau 96-1 probe) or at 57°C (for the 1162 bp Eco RI-Ava^ I and 899 bp JJgl^ II-Ho£ II probes). The hybridizations were then quick-frozen at -70°C, thawed on ice, and brought to 500 pi by the addition of Ice-cold H2O and concentrated Sl-nuclease buffer.
The SI reaction contained 0.2 M Na Acetate, pH 4.5, 0.4 M NaCl, 2 mM ZnCl2 and 500 units of Sl-nuclease. After Incubation for 90 min at 37°C the Sl-resistant nucleic acids were collected by precipitation with ethanol and centrifugation.
The pellets were dissolved in 10 pi of 0.1 M NaOH and heated to 68°C for 5 min. Ten pi of dye mix (10 M Urea, 0.05Z brom phenol blue, 0.05Z xylene cyanol) were added and heating at 68°C was continued for 5 min. The samples were then electrophoresed on a 7 M urea-polyacrylamide gel at 200 v for 2-3 hrs. Labelled DNA fragments were detected by exposure of the gel to Kodak XAR-5 film at -20°C.
Primer Extension
This was done essentially as described by After 60 min at 42°C, the nucleic acids were collected by ethanol precipitation and centrifugation. The pellets were then analyzed by gel electrophoresis and autoradiography as described above for Sl-nuclease mapping.
Construction of Deletion Mutations
The pla8mid pSV.OG (Fig. lb) (57) .
Denaturing Gel ELectrophoreala of RHA
RNA was denatured in 8.5 M urea and then electrophoresed on a 2.5Z agarose slab gel containing 6 M urea at pH 3.5 In a 50 mM sodium citrate, pH 3.5, running buffer (52) . Specific mRNA sequences in the gel were detected by the direct hybridization procedure of Purello and Balazs (53) . After electrophoresis, the gel was made free of urea by washing in H2O, placed on a piece of wet Whatman 3 MM paper and dried at 60°C under vaccuum. The gel was prehy- 
RESULTS
Construction of an Ovalbunln g-Globln Hybrid Gene
To study the function of the ovalbumin gene promoter after transfer into 
Correct Splicing of Ovalglobin One Transcripts
We transferred the plasmid pSV.OG into HeLa S3 cells by calcium phosphate precipitation and EMSO shock, and then harvested mRNA from the transfected cells 40 hrs later as described in Methods.
To determine whether the primary ovalglobin transcript is accurately spliced, we located the 3' splice sites of both introns by Sl-nuclease mapping.
In chicken B-globin mRNA, the 3' splice site of intron A is 213 same Ava I probe (Fig. 2b, left, lanes 1 and 2) . We mapped the 3' splice site of intron B in a similar way, except that the DNA probe was a fragment 5' endlabelled with [ (Fig. 2a, Ref. 42) . Chicken reticulocyte mRNA protected a 187 bp DNA fragment as expected (Fig. 2b, right, lane 3 ). An identical result was obtained with poly(A) + RNA extracted from pSV.OG transfected HeLa cells (Fig. 2b, right, lanes 1 and 2) . No Sl-protected products were observed when either probe was hybridized with mRNA extracted from untrans- (Fig. 3b, lane 5) .
These experiments Indicate the presence of unique 5' termini located at the positions consistent with accurate Initiation at the ovalbumln cap site of the ovalglobin hybrid gene.
Deletion Analysis of the Ovalglobin Promoter Region
In order to locate the DNA sequences of the ovalglobin gene that are required for transcription initiation, we constructed deletions of varying To demonstrate that the hybridizations were done In probe excess, the probe was annealed with Increasing amounts of chicken retlculocyte mRNA and then SI digested to produce a 39 nucleotlde band (Fig. 5, lanes 1-3) . In lanes 4 though 9 are the products protected from SI digestion by total RNA extracted from cells transfected with intact pSV.OG and its deleted variants. Using the 215 nucleotlde read-through band as an internal control (16), we quantitated ovalglobin transcripts (the 80 nucleotide band) by densitometric scanning of the autoradiogram. The level of read-through transcripts increases about 10-fold between intact pSV.OG (-753) and -222 deletion (Fig. 5, lanes 4 and 5) .
The reason for this is not clear, but such anomalies have been observed in other systems (64, 67) .
Thus, it is necessary to compare the levels of expression among the -222 and longer deletions, because these are all of more similar sire with respect to the total length of the read-through transcript.
If we make the ratio of ovalglobin to read-through transcripts of the -222 deletion equal to one (Fig 5, lane 5 
Expression of the Ovalglobin Gene in T47D Cells
Our eventual goal was to achieve regulation of the ovalglobin gene after transfection of hormone-responsive cells. One cell line that we felt might be a particularly good recipient is T47D, derived from a human breast carcinoma.
This cell line synthesizes several new proteins in response to estrogen stimulation (60), and contains both estrogen receptor, and large amounts of progesterone receptor (37) . We transfected these cells in the presence or absence of 10 M progesterone, and assayed the level of ovalglobin mRNA 5' ends with the Sl-nuclease assay using the 215 bp Sau 96-1 fragment as our probe. It is apparent that progesterone has no effect on the levels of ovalglobin 5' ends (compare lane 1, minus hormone, with lane 2, plus hormone, Fig. 6 ). This lack of hormone effect is not due to depletion of progesterone receptors as a result of the calcium phosphate or DMS0 treatment, because our transfection procedure has no effect on the level of hormone receptors (data not shown). We also attempted to increase ovalglobin transcription with estrogen, estrogen plus progesterone, and a progesterone analogue (R5020) which is more stable than progesterone in the culture medium (K. Horwitr, personal communication), all without effect (data not shown).
Expression of the Ovalglobin Gene in Transfected Chick Oviduct Cells
In order to study the regulation of the ovalglobin gene by progesterone, we transfected the plasmid pSV.OG into primary oviduct cells. These are cultures of nondivlding epithelial cells which retain normal amounts of estrogen and progesterone receptors (36) .
Oviduct cultures were maintained in the absence of hormone for 4 days, and then transfected by calcium phosphate coprecipitation.
One half of the transfected cultures were re-fed medium without hormone and the other half received 10~7 M progesterone. After 48 hrs, mRNA was extracted from the cultures and analyzed by Northern gels as described in Methods, using as probe the 1364 bp B-globln Hpa II fragment. In Figure 7 (lanes 3 and 4) , ovalglobin transcripts are detected among the transfected cell mRNA. Further, the splice sites are identical (or nearly so) to those of mature B-globin mRNA (Fig. 3b) . We assume that these 3' splice sites are joined to the same 5'
splice sites as in B-globin mRNA, but we have no direct evidence for this.
However, the 3' splice site of intron B must join to some sequence 3' of the Ava I site in exon 2, since we can readily detect this Ava I site in mRNA extracted from transfected HeLa cells. Similarly, the 3' splice site of intron A must join to some sequence 3' of the Sau 96-1 site in exon 1.
In addition to being accurately spliced, these ovalglobin transcripts also Our experiments and those of Renkawitz _£t^£l_- (24) are the first to employ gene transfer Into primary cell cultures. We believe that this approach will prove most valuable In the study of the regulation of specialized genes In highly differentiated tissues. Past studies using heterologous combinations of genes and continuous cell lines have yielded much information about general aspects of gene function. Future studies using promoter-gene fusions (such as ovalglobin) and primary cultured cells will reveal how specialized genes work in their native differentiated cells.
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